A pair of structurally similar new dioxomolybdenum(VI) complexes, [MoO 2 L 1 (EtOH)] · EtOH (1) and [MoO 2 L 2 (MeOH)] (2), where L 1 and L 2 are the dianionic form of 2-[(2-hydroxyphenylimino)methyl]-6-methoxyphenol (H 2 L 1 ) and 2-ethoxy-6-[(2-hydroxyphenylimino)methyl]phenol (H 2 L 2 ), respectively, were prepared and characterized by IR and UV-Vis spectroscopy, as well as single crystal X-ray diffraction. X-ray analyses indicate that the complexes are dioxomolybdenum(VI) species. Complex 1 contains ethanol as co-ligand, and complex 2 contains methanol as co-ligand. The coordination geometry around the Mo atoms can be described as distorted octahedron, with one imino-N and two phenolate-O of the Schiff base ligand, and one oxo group defining the equatorial plane, and with the other oxo group and one solvent-O occupying the axial positions. The catalytic oxidation property of the complexes with tert-butylhydroperoxide in CH 2 Cl 2 was studied. Both complexes have excellent catalytic properties on cyclooctene and cyclohexene, and good properties on 1-hexene and 1-octene.
Introduction
Schiff base complexes have various catalytic properties, such as ring opening polymerization of cycloalkenes, 1 oxidation of hydrocarbons, 2 ring opening of large cycloalkanes, 3 reduction of ketones to alcohols, 4 alkylation of allylic substrates, 5 improve enantioselectivity in the cyclopropanation reactions. 6 The capability of molybdenum to formation of complexes with oxygen-, nitrogen-, and sulfur-containing ligands led to development of molybdenum Schiff base complexes which are efficient catalysts both in homogeneous and heterogeneous reactions. 7 The properties of the complexes vary obviously with the different types of ligands and coordination sites. Recently, we have reported a molybdenum complex with hydrazone ligand and its catalytic property. 8 In the present work, two new dioxomolybdenum(VI) complexes with Schiff base ligands 2-[(2-hydroxyphenylimino)methyl]-6-methoxyphenol (H 2 L 1 ) and 2-ethoxy-6-[(2-hydroxyphenylimino) methyl]phenol (H 2 L 2 ; Scheme 1), [MoO 2 L 1 (EtOH)]·EtOH (1) and [MoO 2 L 2 (MeOH)] (2), are presented.
Experimental

1. Materials and Methods
3-Methoxysalicylaldehyde, 3-ethoxysalicylaldehyde, 2-aminophenol and MoO 2 (acac) 2 were purchased from Sigma-Aldrich and used as received. All other reagents were of analytical reagent grade. The ligands H 2 L 1 and H 2 L 2 were synthesized according to the literature method with modification. 9 Elemental analyses of C, H and N were carried out in a Perkin-Elmer automated model 2400 Series II CHNS/O analyzer. FT-IR spectra were obtained on a Perkin-Elmer 377 FT-IR spectrometer with samples prepared as KBr pellets. UV-Vis spectra were obtained on a Lambda 900 spectrometer. X-ray diffraction was carried out on a Bruker APEX II CCD diffractometer. 1 H and 13 C NMR spectra were recorded on a Bruker 300 MHz instrument.
Synthesis of 2-[(2-hydroxyphenylimino)
methyl]-6-methoxyphenol (H 2 L 1 )
3-Methoxysalicylaldehyde (0.010 mol, 1.52 g) and 2-aminophenol (0.010 mol, 1.10 g) were dissolved in ethanol (50 mL). The mixture was stirred for 30 min to give red solution. Then, the solvent was removed by distillation. (d, 1H, ArH), 3H, ArH), 3H, ArH) , 3.81 (s, 3H, CH 3 ). 13 C NMR (126 MHz, DMSO) δ 161. 54, 151.80, 150.95, 148.15, 134.47, 127.98, 123.78, 119.57, 119.48, 119.22, 117.89, 116.49, 115.22, 55.85 (d, 1H, ArH), 3H, ArH), 3H, ArH), 4.07 (q, 2H, CH 2 ), 1.33 (t, 3H, CH 3 ). 13 C NMR (126 MHz, DMSO) δ 161.53, 151.80, 151.02, 147.50, 134.47, 127.96, 123.81, 118.86, 119.48, 118.83, 117.45, 116.49, 118.16, 64.87, 14.75 
5. Synthesis of Complex 2
H 2 L 2 (0.01 mol, 2.57 g) and MoO 2 (acac) 2 (0.01 mol, 2.65 g) were mixed and dissolved in methanol (50 mL). The mixture was stirred for 1 h to give yellow solution. Single crystals of the complex, suitable for X-ray diffraction, were grown from the solution upon slowly evaporation for a few days. Yield: 2.12 g (51% 
6. X-ray Crystallography
X-ray diffraction was carried out at a Bruker APEX II CCD area diffractometer equipped with MoKα radiation (λ = 0.71073 Å). The collected data were reduced with SAINT, 10 and multi-scan absorption correction was performed using SADABS. 11 The structures of the complexes were solved by direct method, and refined against F 2 by full-matrix least-squares method using SHELXTL. 12 All of the non-hydrogen atoms were refined anisotropically. The hydrogen atoms were placed in calculated positions and constrained to ride on their parent atoms. The crystallographic data and refinement parameters for the complexes Table 1 . Selected bond lengths and angles are listed in Table 2 .
7. Catalytic Epoxidation of Olefins
Epoxidation of cyclooctene, cyclohexene, 1-octene and 1-hexene catalyzed by the complexes with tert-butylhydroperoxide (TBHP) in CH 2 Cl 2 was carried out according to the following general procedure. To a 25 mL round bottomed flask equipped with a magnetic stirring bar and immersed into water thermo-stated bath, was added 10 mL CH 2 Cl 2 , 1.0 mmol TBHP, 0.01 mmol catalyst and 1.0 mmol olefin. The mixture was refluxed with vigorous stirring for 2 h at an appropriately chosen temperature. The progress of the reaction was monitored by carefully withdrawing aliquots of the sample at different time intervals to determine concentrations of the products by GC analysis, using n-hexane as an internal standard and was left to proceed until near complete conversion of TBHP. The concentration of the TBHP was determined by iodometric titration method. 13 The yield of epoxide (%) was calculated according to the starting amount of olefin. Assignments of the products were made by comparison with authentic samples. All the reactions were run in triplicates. Control experiments showed that no epoxide was formed in a measurable extent in the absence of catalyst.
Results and Discussion
1. General
The Schiff base ligands H 2 L 1 and H 2 L 2 were readily prepared by the condensation reaction of 2-aminophenol with 3-methoxysalicylaldehyde and 3-ethoxysalicylaldehyde, respectively. The molybdenum(VI) complexes 1 and 2 were synthesized by stirring equimolar quantities of the Schiff bases with MoO 2 (acac) 2 in ethanol or methanol at room temperature. Single crystals of the complexes are sta- 
2. Spectral Characterization
The bands at 1628 cm -1 characteristic of the azomethine groups present in the free Schiff bases, were shifted to lower wave numbers at 1612 cm -1 for 1 and 1611 cm -1 for 2, indicating that the involvement the azomethine nitrogen atoms in coordination. The bands at 1275-1277 cm -1 in the spectra of the Schiff bases are ascribed to the phenolic C-O stretching vibration. These bands are found at 1263 and 1267 cm -1 in the spectra of the complexes. These changes suggest that the hydroxyl groups of the Schiff bases took part in the complex formation. The Schiff bases and the complexes exhibit broad bands at 3300-3400 cm -1 , which may be assigned to the ν(O-H). Further evidence of the bonding is also shown by the observation that new bands in the IR spectra of the metal complexes appear at 450-650 cm -1 assigned to Mo-N and Mo-O stretching vibrations. The Mo=O stretching mode occur as double bands at 930 and 910 cm -1 , assigned to the symmetric and asymmetric stretching modes of the MoO 2 moieties. 14 Electronic absorption spectra of the Schiff base and the complexes were obtained in methanol solutions. The electronic absorption spectra of the free Schiff bases displayed three bands at 270, 345 and 450 nm, which are assigned for the π→π* and n→π* transitions, respectively. In the electronic spectra of the complexes, the strong bands centered at 273 nm are attributed to the intra-ligand π→π* absorption peak of the Schiff base ligand. The LMCT and to some extent π→π* bands appear at about 330 nm.
Structural Description of Complex 1
The molecular structure of complex 1 is shown in Figure 1 . It contains a dioxomolybdenum complex molecule and an ethanol molecule of crystallization. The coordination geometry around the Mo atom can be described as distorted octahedron, with one imino-N and two phenolate-O of the Schiff base ligand, and one oxo group defining the equatorial plane, and with the other oxo group and one ethanol-O occupying the axial positions. The Schiff base ligand coordinates to the Mo atom in a meridional fashion forming five-and six-membered chelate rings with bite angles of 74.7(3) and 81.6(3)°. The dihedral angle between the two benzene rings of the Schiff base ligand is 6.5(3)°. The O=Mo=O angle (103.8(3)º) and the Mo=O distances (1.683(3)-1.708(3) Å) are typical for cis-dioxomolybdenum(VI) complexes. 7 The imino nitrogen and ethanol oxygen atoms, which are trans to the terminal oxo groups, bond to the Mo(VI) atom with distances of 2.255(7) Å for nitrogen and 2.315(7) Å for oxygen, respectively. The Mo-O distances vary from 1.919(6) to 1.950(6) Å for the phenolate oxygen, which are in accord with these types of bonds in hexa-coordinated dioxomolybdenum(VI) complexes. 7 In the crystal structure of the complex, the 
4. Structural Description of Complex 2
The molecular structure of complex 2 is shown in Figure 3 . It contains two dioxomolybdenum complex mol- 7 The imino nitrogen and ethanol oxygen atoms, which are trans to the terminal oxo groups, bond to the Mo(VI) atom with distances of 2.273(3)-2.286(7) Å for nitrogen and 2.301(3)-2.329(3) Å for oxygen, respectively. The Mo-O distances vary from 1.951(3) to 1.975(3) Å for the phenolate oxygen, which are in accord with these types of bonds in hexa-coordinated dioxomolybdenum(VI) complexes. 7 In the crystal structure of the complex, molecules are stack along the a axis (Figure 4) .
5. Catalytic property of the Complexes
Catalytic property of the complexes was investigated in the epoxidation of cyclooctene, cyclohexene, 1-octene and 1-hexene with TBHP and CH 2 Cl 2 as a solvent at different temperatures 25, 45 and 65 °C. The catalytic reactions were initially performed in order to test the performance of the system under the easiest possible reaction conditions. A substrate, oxidant, and catalyst ratio of 100:100:1 was used. In general, the epoxide yields are higher for cyclic olefins than those for terminal olefins. As seen in Table 3 , the order of increasing reactivity based on yield% are as cyclooctene > cyclohexene > 1-hexene > 1-octene. In addition, the ep- Zhu : Synthesis, Crystal Structures and Catalytic ... oxide yields increase with the rise in temperature. Both complexes have similar catalytic properties, because of their similar structures. As a comparison, the catalytic property of the complexes on cyclohexene is similar to the molybdenum complex with tris(hydroxymethyl)amino methane as ligand. 15 The complexes have in general higher catalytic property on the substrates than the molybdenum complex derived from the Schiff base ligand N,N'-bis(salicylidene)4,5-dichloro-1,2-phenylenediamine. 7d
Conclusion
Two new dioxomolybdenum(VI) complexes derived from the Schiff base ligands 2-[(2-hydroxyphenylimino) methyl]-6-methoxyphenol and 2-ethoxy-6-[(2-hydroxyphenylimino)methyl]phenol have been prepared and structurally characterized. The Mo atoms in the complexes are in octahedral coordination. Both complexes have effective catalytic properties on cyclooctene and cyclohexene.
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